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BACKGROUND OF THE INVENTION 



1. 



Field of the Invention 



5 



This invention relates to semiconductor device manufacturing, and more 
particularly, to improved methods for etching openings in insulating layers and a 
semiconductor device with well defined contact openings. 



2. 



Description of the Related Art 



10 



The following descriptions and examples are not admitted to be prior art by virtue 
of their inclusion within this section. 

In the fabrication of semiconductor devices, numerous conductive device regions 
15 such as transistors and layers of devices may be formed in or on a semiconductor 

substrate. For example, a typical metal oxide semiconductor (MOS) transistor such as a 
NMOS or PMOS transistor generally includes source/drain regions in a substrate, and a 
gate electrode formed above the substrate between the source/drain regions and separated 
from the substrate by a relatively thin dielectric. Conductive regions and layers of the 
20 device may be isolated from one another by a dielectric. Examples of dielectrics may 
include silicon dioxide (Si0 2 ), tetraorthosilicate glass (TEOS), silicon nitride (Si x N y ), 
silicon oxynitride (SiO x N y (H z )), and silicon dioxide/silicon nitride/silicon dioxide (ONO). 
The dielectrics may be grown or may be deposited by physical deposition such as 
sputtering or by a variety of chemical deposition methods and chemistries such as 
25 chemical vapor deposition. Additionally, the dielectrics may be undoped or may be 

doped, for example with boron, phosphorus, boron and phosphorus, or fluorine, to form a 
doped dielectric layer such as borophosphosilicate glass (BPSG), phosphosilicate glass 
(PSG), and fluorinated silicate glass (FSG). 
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At various stages in the fabrication of semiconductor devices, it may be necessary 
to form openings in a dielectric layer to allow for contact to underlying regions or layers. 
Generally, an opening through a dielectric exposing a diffusion region or an opening 
through a dielectric layer between polysilicon and a first metal layer is called a "contact 
5 opening" or a "contact hole." An opening in other dielectric layers such as an opening 
through an intermetal dielectric layer is referred to as a "via." For purposes of this 
disclosure, henceforth "contact opening" may be used to refer to a contact opening and/or 
a via. A contact opening may expose a diffusion region within the silicon substrate such 
as a source or drain, or may expose some other layer or structure such as an underlying 

10 metallization layer, a local interconnect layer, or a gate structure. Conductive contact 
structures may be formed above the source/drain regions, and interconnects may overlie 
the contact structures and may connect neighboring contact structures. These contact 
structures to diffusion regions may be isolated from an adjacent gate structure by a 
dielectric spacer or dielectric shoulder portions. The dielectric spacer or dielectric 

15 shoulder portions may also isolate the gate from the diffusion region. 

There are, however, disadvantages associated with typical conductive contact 
structures. For example, conductive contact structures may be aligned to the underlying 
regions or layers with a masking step such as a lithography process. Therefore, extra area 

20 may be allocated to prevent misalignment of the contact structure to the underlying 

regions or layers. Proper alignment is necessary to avoid shorting the contact structure to 
other underlying structures such as a gate or a diffusion well surrounding a diffusion 
region having an overlying contact structure. As such, typical contact structures may 
limit any reduction in area of the underlying regions or layers such as diffusion regions. 

25 In this manner, larger contact areas may limit the density of elements which may be 
formed on a semiconductor device. Larger contact areas may also be responsible for 
increased diffusion-to-substrate junction capacitance, which may limit the speed of a 
semiconductor device. 
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A self aligned contact structure may eliminate alignment problems associated with 
typical contact structures and may increase the device density of a structure. A self 
aligned contact structure may be a contact to a source or drain diffusion region. A self 
aligned contact structure may be useful in compact semiconductor device geometries 
5 because the self aligned contact structure may overlap a conducting area such as a gate 
structure to which it is not supposed to make electric contact and the edge of a diffusion 
region without shorting out to the well beneath. Consequently, less contact area may be 
needed and gates or conductive material lines such as polysilicon lines may be moved 
closer together. As such, more gates or lines may be formed on a given substrate than 
10 with typical contact structures. 

As the device densities of semiconductor devices are continually being increased, 
profile and dimension requirements of semiconductor device features such as self aligned 
contact structures must be further optimized. For example, typically it is desirable for a 

15 contact opening to have sidewalls which are substantially perpendicular to an upper 

surface of a semiconductor substrate. As such, the sidewall angle of the contact opening 
may be at a 90° angle with respect to the upper surface of the semiconductor substrate 
such that lateral dimensions of the contact opening may be substantially uniform across 
the height of the contact opening. In this manner, a contact structure may be formed in 

20 the contact opening which may have predictable and desirable dimensions and electrical 
properties. In addition, the lateral dimensions of semiconductor features such as self 
aligned contact structures are continually being reduced in order to increase the device 
density on a semiconductor substrate. Generally, however, the height of semiconductor 
features may not be reduced in proportion to the lateral dimensions. In this manner, the 

25 aspect ratio of semiconductor features such as contact structures may be higher for 

advanced semiconductor devices which may be designed to have high device densities. 
An aspect ratio as used herein generally describes the ratio between the height and width 
of a semiconductor feature such as a contact structure when viewed in cross section. As 
the aspect ratio of a contact structure increases, it may become increasingly difficult to 

30 form the contact opening. For example, if the sidewall angle of the contact opening 
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deviates substantially from 90°, the lateral dimensions of the contact opening at the top of 
the contact opening may be larger than an acceptable critical dimension before the entire 
contact opening may be formed. 

5 To form such a self aligned contact opening a patterned layer of photoresist may 

be formed over the dielectric layer having openings corresponding to regions of the 
dielectric layer where contact openings are to be formed in the dielectric layer. In most 
modern processes, a dry etch may then be performed in which the wafer may be exposed 
to a plasma. The plasma may be formed by flowing one or more gases such as one or 

10 more halocarbons and/or one or more other halogenated compounds such as CF 4 , CHF 3 
(Freon 23), SF 6? and NF 3 . In addition, gases such as 0 2 , Ar, and N 2 may also be added to 
the gas flow. After the opening has been formed thereby exposing a portion of the region 
or layer to be contacted, the opening may be cleaned with a sputter etch such as a radio- 
frequency sputter etch. The sputter etch may be used to remove small amounts of 

15 material which may form on sidewalls or a bottom surface of the contact opening during 
dry etching of the contact opening. The opening may then be filled with a conductive 
material which may be deposited in the opening and in electrical contact with the 
underlying region or layer. The conductive material may be planarized such that an upper 
surface of the conductive material is substantially coplanar with an upper surface of the 

20 dielectric layer thereby forming a self aligned contact structure. 

There are, however, several disadvantages to conventional methods for forming 
self aligned contact structures. For example, typically a contact opening may be etched 
through a dielectric layer to a diffusion region which may be formed in a semiconductor 

25 layer. The semiconductor layer may include regions of silicon such as monocrystalline 
silicon and isolation regions such as undoped silicon dioxide. To etch the contact 
opening without destroying the isolation regions, an etch chemistry may be used which 
may be selective to undoped silicon dioxide. Such an etch chemistry may have a slow 
etch rate with respect to lightly doped or undoped dielectric materials such as silicon 

30 dioxide and a fast etch rate with respect to materials which have substantially different 
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properties than lightly doped or undoped dielectric materials. Examples of materials 
which may have a different etch response than lightly doped or undoped dielectric 
materials may include heavily doped dielectric materials such as heavily doped BPSG and 
heavily doped PSG. For example, a heavily doped BPSG dielectric material may have a 
5 boron concentration of approximately 5% or more by weight, and a heavily doped PSG 
dielectric material may have a phosphorus concentration of approximately 6 % or more 
by weight. Additional examples of materials which may have a different etch response 
than lightly doped or undoped dielectric materials may include silicon nitride or other 
dielectric materials which have a substantially different composition than lightly doped or 
10 undoped silicon dioxide. Therefore, a contact opening may be formed through a heavily 
doped dielectric layer or silicon nitride stopping on a semiconductor layer which may 
include field oxide regions without destroying the field oxide regions. 

There can be disadvantages, however, to using a heavily doped dielectric layer in 
15 a semiconductor device. For example, BPSG materials having a boron concentration of 
approximately 5 % or more by weight may be very hygroscopic (attract water) and 
unstable. The hygroscopic nature of high concentration BPSG may create bubbles in the 
dielectric material and may form one or more phosphorus-based acids which may corrode 
conductive lines such as aluminum interconnects. In addition, unstable BPSG may crack 
20 and/or form boron rich crystals. BPSG cracks may ruin the insulating properties of 
BPSG, and boron rich crystals may result in non-planar surfaces and/or micro-masking 
etch defects. In addition, due to the doping of the BPSG material, dopant in the dielectric 
layer may be an unwanted diffusion source to underlying silicon. For example, BPSG 
may primarily be a source of phosphorus, and phosphorus outdiffusion may increase as 
25 the boron concentration increases. In a similar manner, PSG may also become 
increasingly hygroscopic and unstable at high phosphorus levels. 
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A lightly doped or undoped dielectric layer may be used in place of a heavily 
doped dielectric layer to avoid the problems described above. An etch chemistry which 
may have an appropriate etch rate for a lightly doped or undoped dielectric layer may be 
used to form a contact opening in such a dielectric layer. Such an etch chemistry, 
5 however, may not be selective to isolation regions which may be formed in an underlying 
semiconductor layer. Therefore, to prevent removal of the isolation regions, an 
appropriate etch stop layer may be formed between the lightly doped or undoped 
dielectric layer and the semiconductor layer. Appropriate etch stop layer materials may 
include silicon oxynitride and silicon nitride. As such, appropriate etch stop layers may 

10 have a substantially different etch response to an etch chemistry than lightly doped or 

undoped dielectric layers. Removal of the etch stop layer, however, is necessary such that 
an electrical contact between the contact structure and the semiconductor layer may be 
formed. After etching the contact opening through the lightly doped or undoped 
dielectric layer, therefore, a second etch process may be performed to remove the etch 

15 stop layer. 

There are, however, several disadvantages to using such an etch stop layer for 
forming a self aligned contact structure. For example, using an etch stop layer increases 
the number of steps in a manufacturing process. As such, the complexity of the overall 

20 manufacturing process may be increased, making fabrication of a semiconductor device 
more difficult to accomplish. In addition, process yield may also be decreased because 
addition of one or more process steps may result in more chances for forming defects in 
the semiconductor device. Furthermore, the semiconductor device fabrication may 
require a longer time period due to the additional process steps. In this manner, overall 

25 cost of fabricating a semiconductor device may increase, and manufacturing capacity may 
be decreased. 
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Another disadvantage to increasing the number of steps in a manufacturing 
process may be that the semiconductor device may be subjected to an increased number 
of temperature cycles during processing and/or an increased amount of time at elevated 
temperatures. For example, deposition of an etch stop layer as described above may 
5 require additional high-temperature processes. An increased number of temperature 
cycles may undesirably alter the properties of structures formed within semiconductor 
devices. For example, if a MOS field effect transistor (MOSFET) exceeds a certain 
number of temperature cycles during processing, the threshold voltage, V t , of such 
transistors may shift undesirably. In addition, the reliability of such transistors may also 

10 be adversely affected as junctions may be more susceptible to failure mechanisms such as 
junction breakdown or "punch-through" current. In another example, for a 
semiconductor device which includes metal contacts to a doped semiconductor substrate, 
increasing the number of temperature cycles may result in higher contact resistance due to 
segregation of dopants at the metal-semiconductor substrate interface and/or increased 

15 oxidation of the metal. In a further example, for a semiconductor device which includes a 
substrate having diffusion regions formed with implanted dopants, increasing the number 
of temperature cycles may result in increased diffusion region dimensions due to out- 
diffusion of dopants. As such, increasing the number of temperatures cycles may produce 
less robust devices, increased contact resistance, and may prevent formation of smaller 

20 device features. 

Accordingly, it would be advantageous to develop a method for forming a self 
aligned contact structure having substantially perpendicular sidewalls, a high aspect ratio, 
and a minimum critical dimension in a lightly doped or undoped dielectric layer without 
25 using an etch stop layer to protect isolation regions in an underlying semiconductor layer. 
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SUMMARY OF THE INVENTION 



The problems outlined above may be in large part addressed by a method for 
forming a self aligned contact by etching an opening through a low doped or undoped 
5 dielectric layer. That is, a method is provided in which a first portion of a dielectric layer 
may be etched with a first etch chemistry and a second portion of the dielectric layer may 
be etched with a second etch chemistry. In an embodiment, an appropriate dielectric layer 
may be a doped silicon oxide material such as phosphosilicate glass (PSG) having a 
phosphorus concentration of less than approximately 6 wt. % which may be formed in a 

10 single processing step such as a single deposition process. As such, the dielectric layer 
may be substantially continuous such that an interface does not exist between the first 
portion of the dielectric layer and the second portion of the dielectric layer. A thickness 
of the first portion of the dielectric layer may be greater than a thickness of the second 
portion of the dielectric layer. In addition, the thickness of the second portion of the 

15 dielectric layer may be greater than approximately one half of a height of an adjacent gate 
structure. The first etch chemistry may be substantially different than the second etch 
chemistry. For example, in an embodiment, the first etch chemistry may be selective to 
silicon nitride, and the second etch chemistry may be selective to lightly doped or 
undoped silicon oxide. Therefore, by using multiple etch chemistries to etch a single 

20 dielectric layer, a self aligned contact structure having optimized properties such as 

sidewall angle, aspect ratio, and critical dimension may be formed while formation of an 
etch stop liner layer such as a silicon nitride layer may be eliminated. 

According to an embodiment, a gate structure may be formed upon a 
25 semiconductor layer. The semiconductor layer may be a semiconductor substrate such as 
a monocrystalline silicon semiconductor substrate. Alternatively, the semiconductor layer 
may include various semiconductor structures on another level of a semiconductor 
device. The semiconductor layer may also include an isolation region which may be 
formed in the semiconductor layer. A gate dielectric layer such as silicon dioxide may be 
30 formed upon the semiconductor layer. A layer of conductive material such as polysilicon 
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may be formed upon the gate dielectric layer. In addition, a top insulating layer such as 
silicon oxynitride or silicon nitride may be formed upon the conductive material layer. A 
layer of photoresist material may then be formed upon the top insulating layer and 
patterned such that portions of the top insulating layer may be exposed. As such, exposed 
5 portions of the top insulating layer, the gate conductive material layer, and the gate 
dielectric layer may be successively removed by an etch process to form gate conductor 
stacks. The photoresist material may be also be stripped following the formation of the 
gate conductor stacks. A dielectric layer, such as silicon dioxide, silicon nitride, or 
silicon oxynitride, may be formed on the gate conductor stacks and the semiconductor 
10 substrate. The dielectric layer may then be subjected to an anisotropic etch process in 
which dielectric sidewall spacers are formed laterally adjacent sidewall surfaces of the 
gate conductor stacks thereby forming gate structures. In this manner, any number of gate 
structures may be formed on and laterally spaced across a semiconductor layer. 

15 In an embodiment, a layer of dielectric material may then be formed upon and in 

contact with the gate structures and the semiconductor substrate. Appropriate dielectric 
materials may include low doped PSG, low doped borophosphosilicate glass (BPSG), and 
undoped silicon dioxide. The dielectric layer may be deposited in a single deposition 
process, such as a chemical vapor deposition (CVD) process. In this manner, although 

20 properties of the dielectric layer may vary slightly throughout the layer due to variations 
in processing conditions, the composition of the dielectric layer and other chemical and 
physical properties may be substantially uniform throughout the dielectric layer. As such, 
the dielectric layer may be substantially continuous such that an interface does not exist 
between the first and second portions of the dielectric layer. The dielectric layer may then 

25 be planarized to a level spaced above the gate structures. 

In an embodiment, a hard mask layer may be formed on the dielectric layer. For 
example, if the dielectric layer is low doped PSG or BPSG, the hard mask layer may be a 
cap layer of an undoped dielectric material such as silicon dioxide. A layer of photoresist 
30 may be formed on the hard mask layer and patterned to expose regions of the hard mask 
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layer. Exposed regions of the hard mask layer may then be removed to expose regions of 
the dielectric layer. The layer of photoresist may then be removed. Alternatively, the 
layer of photoresist may remain on the hard mask layer during subsequent etch processes. 
In an additional embodiment, the formation of a hard mask layer may be eliminated, and 
5 a layer of photoresist may be formed on the dielectric layer. The photoresist may then be 
patterned to expose regions of the dielectric layer. In further embodiments, the hard mask 
layer, the photoresist layer, and the combination of the hard mask layer and the layer of 
photoresist may be generically referred to as an etch mask layer. 

10 In an embodiment, a first portion of the dielectric layer may be etched with a first 

etch chemistry in regions of the dielectric layer which have been exposed by patterning 
the etch mask layer. Etching the first portion of the dielectric layer may involve removing 
the dielectric layer to a level which may be approximately coplanar with an upper surface 
of the gate structures. As such, etching the first portion of the dielectric layer may 

15 include exposing an upper corner of the gate structures. An upper corner of the gate 

structures may include an upper corner of the dielectric sidewall spacers and a portion of 
the top insulating layer of the gate structures. Etching the first portion of the dielectric 
layer may be a timed process because etching the first portion of the dielectric layer may 
not involve removing the entire dielectric layer such that an endpoint may not be 

20 detected. In this manner, a second portion of the dielectric material may remain after 
etching the first portion of the dielectric layer. A thickness of the first portion of the 
dielectric layer may be greater than a thickness of the second portion of the dielectric 
layer. 

25 In an embodiment, a second portion of the dielectric layer may be etched with a 

second etch chemistry. The second portion of the dielectric layer may include the 
dielectric layer which may remain after etching the first portion of the dielectric layer. 
For example, a thickness of the second portion of the dielectric layer may be greater than 
approximately one half of a height of the gate structures and less than approximately the 

30 height of the gate structures. As such, etching the second portion of the dielectric layer 
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may involve removing the dielectric layer from a level which may be approximately 
coplanar with the upper surface of the gate structures to a level which may be 
commensurate with an upper surface of the semiconductor layer. Etching the second 
portion of the dielectric layer may be a timed process based on experimental data. 
5 Alternatively, etching the second portion of the dielectric layer may involve stopping the 
etch process after an endpoint has been detected because etching the second portion of the 
dielectric layer may involve removing the dielectric layer to the semiconductor layer. In 
this manner, an etched structure may be formed from an upper surface of the dielectric 
layer to an upper surface of the semiconductor layer which may be used to form a self 
10 aligned contact structure. 

The first etch chemistry may be substantially different than the second etch 
chemistry. For example, after etching the first portion of the dielectric layer for a period 
of time, the gases supplied to the etch chamber may be changed from those producing the 

15 first etch chemistry to those producing the second etch chemistry. As such, gases of the 
first etch chemistry may be present in the etch chamber in negligible quantities after the 
etch chemistry is changed from the first etch chemistry to the second etch chemistry. In 
this manner, one etch process may be used to etch different portions of a single dielectric 
layer with multiple etch chemistries. For example, the first etch chemistry may be 

20 substantially free of hydrogen. However, a negligible amount of air may remain in an 
etch chamber subsequent to evacuating the etch chamber to a predetermined processing 
pressure such as approximately 10 mT to approximately 200 mT. The second etch 
chemistry may include at least one hydrogen-containing compound. In one embodiment, 
the first etch chemistry may include C4F8 and CO, and the second etch chemistry may 

25 include C2H2F4, CHF3 and other hydrofluorocarbon etchants. In addition, the first and 
second etch chemistries may include an inert gas such as argon and xenon. Furthermore, 
although all etch chemistries may be selective to a material to some degree, the first etch 
chemistry may have a substantially different etch selectivity than the second etch 
chemistry. In this manner, a material which may be used as an etch stop layer for etching 

30 with the first etch chemistry may not be used as an etch stop layer for etching with the 
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second etch chemistry. In one embodiment, the first etch chemistry may be selective to 
silicon nitride while the second etch chemistry may be selective to undoped silicon 
dioxide. For example, the first etch chemistry may have a dielectric layer materiahsilicon 
nitride selectivity of at least approximately 10:1, and the second etch chemistry may have 
5 a dielectric layer material: silicon oxide selectivity of at least approximately 5:1. In 
addition, the second etch chemistry may also be selective to silicon nitride. 

In an alternative embodiment, an entire thickness of the dielectric layer may be 
etched with the second etch chemistry. Because the second etch chemistry may be 

10 selective to undoped silicon dioxide, the second etch chemistry may etch the dielectric 
layer slower than the first etch chemistry. Increasing the dopant level in the dielectric 
layer may increase the etch rate of the dielectric layer during an etch process involving the 
second etch chemistry. As noted above, however, there may be disadvantages to 
increasing the dopant levels of dielectric materials in semiconductor devices. Therefore, 

15 the etch rate may be limited by a need to maintain acceptable dopant concentration in a 
dielectric layer in which contact openings may be formed. For example, an acceptable 
phosphorus concentration for PSG may be limited to less than approximately 6 wt. % to 
minimize phosphoric acid formation which may lead to aluminum corrosion. Likewise, 
to reduce the problems associated with using high concentration BPSG to form 

20 semiconductor devices, the level of boron in BPSG may be reduced to below 
approximately 5 wt. %. 

In addition, etching the entire thickness of a dielectric layer with the second etch 
chemistry may result in a contact opening having unsatisfactory sidewall angles. Forming 

25 sidewalls of a contact opening which are perpendicular to the upper surface of a 

semiconductor substrate may involve using a substantially anisotropic etch chemistry. 
Such an anisotropic etch chemistry may etch lateral surfaces faster than vertical surfaces 
by forming a passivating layer of polymer on sidewalls of the etched structure. Etch 
chemistries which may be suitable for the second etch chemistry, however, may not 

30 necessarily include etch gases which are suitable for forming such a passivating layer of 
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polymer. As such, contact openings which are formed with such an etch chemistry may 
have a sidewall angle which may deviate substantially from an angle which is 
perpendicular to the upper surface of a semiconductor substrate. Consequently, forming 
contact openings in this manner may result in contact structures which may have 

5 undesirable dimensions and electrical properties. Furthermore, etching an entire 

thickness of a dielectric layer with the second etch chemistry to form a high aspect ratio 
contact opening may be further complicated by the sidewall angle of the formed contact 
opening. For example, if the sidewall angle of the contact opening deviates substantially 
from 90°, the lateral dimensions of the contact opening at the top of the etched opening 

10 may be larger than an acceptable critical dimension before the entire contact opening may 
be etched. As such, the critical dimensions of a contact opening which may be formed by 
using only the second etch chemistry may be limited by the sidewall angle of the contact 
opening. 

15 Subsequent to etching the second portion of the dielectric layer, an additional etch 

step may be performed to remove any residual dielectric material which may remain in 
the etched structure or to remove a native oxide which may have formed on the upper 
surface of the semiconductor substrate during prior processing or handling. In addition, 
the etch mask layer may be removed by using a wet etch or plasma etch stripping process. 

20 A layer of conductive material such as polysilicon, aluminum, or copper may then be 
formed in the etched structure and on the upper surface of the dielectric layer. As such, 
the etched structure may be completely filled with the layer of conductive material. The 
layer of conductive material may be planarized using a technique such as chemical 
mechanical polishing such that an upper surface of the conductive material within the 

25 etched structure may be substantially level with the upper surface of the dielectric layer. 
In this manner, a self aligned contact structure may be formed. Subsequent processing 
may include forming additional levels of semiconductor structures such as interconnects 
upon upper surfaces of the dielectric layer and the self aligned contact structures. 
Therefore, multiple levels of semiconductor structures may be interconnected to form a 

30 working semiconductor device. 
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Forming a self aligned contact structure by etching a single dielectric layer with 
multiple etch chemistries may provide several advantages over standard methods for 
forming self aligned contact. For example, a self aligned contact may be formed through 
5 a lightly doped or undoped dielectric layer stopping on a semiconductor layer which may 
include isolation regions such as undoped silicon dioxide without destroying the isolation 
regions. Because the first etch chemistry may not be selective to lightly doped or 
undoped silicon dioxide, the first etch chemistry may be used to rapidly etch a first and 
larger portion of the dielectric layer. However, etching with the first etch chemistry may 

10 be stopped after a period of time has elapsed and before the entire dielectric layer has 
been removed such that the isolation regions may not be exposed. In this manner, a 
second portion of the dielectric layer may remain after etching with the first etch 
chemistry to protect the isolation regions. Furthermore, forming a self aligned contact 
structure through a lightly doped or undoped dielectric layer may have several advantages 

15 over standard self aligned contact processes and structures because of the properties of a 
lightly doped or undoped dielectric material. For example, a lightly doped or undoped 
dielectric material may be substantially less hygroscopic and unstable than a heavily 
doped dielectric material. 

20 In addition, the method may be used for forming a self aligned contact structure 

without shearing or destroying the gate structure. Shearing or destroying the gate 
structure may include, e.g., removing sufficient insulating material of the gate structure 
such that an electrical contact may be formed between a conductive material layer of the 
gate structure and the self aligned contact structure. For example, the gate structure may 

25 have a top insulating layer and a dielectric sidewall spacer. Etching the first portion of 
the dielectric layer may include etching the dielectric layer to a level such that an upper 
corner of the gate structure may be exposed. The upper corner of the gate structure may 
include an upper corner of the dielectric sidewall spacer and a portion of the top 
insulating layer. The top insulating layer and the dielectric sidewall spacer may be 

30 formed of a material such as silicon oxynitride or silicon nitride. Because the first etch 
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chemistry may be selective to silicon nitride, the upper corner of the gate structure may be 
exposed during etching of the first portion of the dielectric layer without shearing or 
destroying the upper corner of the gate structure. In addition, the second etch chemistry 
may also be selective to silicon nitride such that the second portion of the dielectric layer 
5 may also be etched without shearing or destroying the upper corner of the gate structure. 
Therefore, by preventing shearing or destruction of the upper corner of the gate structure, 
shorting of the gate structure to the self aligned contact structure may be prevented. 

In addition, by etching a first portion of the dielectric layer with the first etch 

10 chemistry, a contact opening may be formed which may have substantially perpendicular 
sidewall angles with respect to an upper surface of a semiconductor substrate. For 
example, the first etch chemistry may include C4F8 and CO which may promote the 
formation of a layer of a passivating polymer within the etched contact opening. Because 
etch processing conditions may be selected such that the etchant ions may reach the 

15 semiconductor substrate at a substantially perpendicular angle, the layer of passivating 
polymer may be sufficiently removed from lateral surfaces within the contact opening. In 
this manner, etching may not be prematurely stopped by polymer buildup within the 
contact opening. The sidewalls of the contact openings, however, may not be subjected 
to sufficient bombardment by the etchant ions such that the layer of polymer may be 

20 removed. The layer of polymer may serve to further protect the sidewalls of the contact 
opening from etchant ions which may be directed toward the sidewalls of the contact 
opening and which may cause the sidewall angle to deviate from a perpendicular angle. 
As such, using the first etch chemistry to etch a first and larger portion of the dielectric 
layer may provide a contact structure having substantially perpendicular sidewall angles. 

25 In this manner, the dimensions and the electrical properties may be substantially uniform 
across the contact structure. 
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Furthermore, by etching a first and larger portion of the dielectric layer with the 
first etch chemistry, a contact opening may be formed which may have a high aspect 
ratio. A high aspect ratio may describe a feature having a height which is substantially 
larger than its width when viewed in cross section. High aspect ratios may include aspect 
5 ratios which may be equal to or greater than approximately 4: 1 . In addition, high aspect 
ratios may be increasingly more common in advanced semiconductor devices due to the 
demand for increased device density on a semiconductor substrate. One of the problems 
associated with etching a high aspect ratio contact structure may include inadvertently 
forming a layer of passivating material within the contact opening such that etching may 

10 be prematurely stopped before the entire contact opening may be formed. For example, 
during an etch process, a layer of passivating material such as a polymeric residue or 
another by-product of the etch process may be formed on sidewall and bottom surfaces of 
a feature formed by the etch process. During etching of a high aspect ratio feature, more 
energetic ions of the etch plasma may strike sidewalls of the feature before reaching the 

15 bottom of the feature than during etching of a wider feature. In this manner, a passivating 
material layer which may be formed on the bottom surface of the feature may be 
insufficiently removed and may prematurely stop the etch process. By etching a first and 
larger portion of the dielectric layer with a substantially anisotropic etch chemistry such 
as the first etch chemistry, a layer of passivating material which may be formed in the 

20 bottom of the contact opening may be sufficiently removed during the etching process. 
As such, the entire high aspect ratio contact opening may be formed. 

In addition, by etching a first and larger portion of the dielectric layer with the 
first etch chemistry, a self aligned contact structure may be formed which may have a 

25 minimum critical dimension. A critical dimension of a semiconductor feature such as a 
self aligned contact structure may be a width of the semiconductor feature when viewed 
in cross section. The dimensions of a self aligned contact structure may be larger above 
an upper surface of a gate structure formed laterally adjacent the contact structure than 
they are below the upper surface of the gate structure due to self alignment of the contact 

30 to the gate structure. Therefore, a self aligned contact structure may be characterized by a 
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top critical dimension and a bottom critical dimension. Critical dimensions of 
semiconductor features such as self aligned contact structures are continually being 
decreased in order to increase the device density on a semiconductor substrate. Increased 
device density may result in benefits such as larger memory capability, faster operating 
5 speeds, and reduced production costs. For a high density semiconductor device, a critical 
dimension at the top or upper surface of a self aligned contact structure may be 
approximately 200 nm or less. In addition, a critical dimension at the bottom of the self 
aligned contact structure may be approximately 100 nm or less. 

10 If an etch chemistry is used to etch a contact opening which may result in 

sidewalls which deviate from the perpendicular, a minimum critical dimension 
requirement at an upper surface of the contact opening may be exceeded before the entire 
contact opening may be etched. The first etch chemistry, however, may be highly 
anisotropic and may result in sidewalls which are substantially perpendicular. As such, a 

15 contact opening having a substantially uniform width across substantially the entire 
contact opening may be formed by using the first etch chemistry. In this manner, a first 
and larger portion of the dielectric layer may be etched before the dimensions of the 
contact structure at an upper surface of the opening may exceed a minimum critical 
dimension. Consequently, using the first etch chemistry to etch a first portion of the 

20 dielectric layer may result in self aligned contact structure having an acceptable critical 
dimension. 

Additionally, by etching a second portion of the dielectric layer with the second 
etch chemistry, using a silicon nitride or silicon oxynitride liner layer as an etch stop layer 

25 may be eliminated. For example, the first etch chemistry may not be selective to lightly 
doped and undoped dielectric layers such as lightly doped PSG and undoped field oxide 
regions. Therefore, a silicon nitride or silicon oxynitride liner layer may be required as an 
etch stop if the entire dielectric layer is etched with the first etch chemistry. Using such 
an etch stop layer for forming a self aligned contact structure, however, may increase the 

30 number of steps in a manufacturing process, the manufacturing or cycle time, the overall 
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cost of fabricating a semiconductor device, and increase the number of temperature cycles 
during processing and may decrease manufacturing capacity. Etching a lightly doped or 
undoped dielectric layer with the first etch chemistry, however, may provide an increased 
etch rate and may be used to form a self aligned contact structure having improved 
5 sidewall angle, increased aspect ratio and a minimum critical dimension. 

In order to realize the benefits of using such an etch chemistry to form a contact 
opening in a lightly doped or undoped dielectric layer without having to form an 
additional etch stop layer, only a first portion of the dielectric layer may be etched with 

10 the first etch chemistry. For example, a second portion of the dielectric layer may protect 
underlying isolation regions during etching with the first etch chemistry. The second 
portion of the dielectric layer may then be etched with the second etch chemistry to form 
the contact opening. The second etch chemistry may be significantly more selective to 
lightly doped or undoped dielectric layers than the first etch chemistry. As such, the 

15 second etch chemistry may have a lower etch rate for etching lightly doped or undoped 
dielectric layers than the first etch chemistry. A thickness of the second portion of the 
dielectric layer, however, may be much smaller than a thickness of the first portion of the 
dielectric layer. As such, the second etch chemistry may be used to etch the second 
portion of the dielectric layer in order to protect the underlying isolation regions without 

20 significantly increasing the etch processing time. In addition, any increase in etch 
processing time which may result from a lower etch rate may be compensated for by 
eliminating a need for a silicon nitride or silicon oxynitride liner layer. For example, 
eliminating the silicon nitride or silicon oxynitride liner layer may significantly reduce 
overall processing time and complexity of a manufacturing process while a lower etch 

25 rate for only a portion of the contact opening may only negligibly increase the process 
time of a single manufacturing step. Consequently, a self aligned contact structure may 
be formed through a lightly doped or undoped dielectric layer to a semiconductor layer 
having isolation regions without forming a silicon nitride or silicon oxynitride liner layer. 
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BRIEF DESCRIPTION OF THE DRAWINGS 



Other objects and advantages of the invention will become apparent upon reading 
the following detailed description and upon reference to the accompanying drawings in 
5 which: 

Fig. 1 depicts a partial cross-sectional view of a semiconductor topography in 
which a gate dielectric layer, a conductive material layer, and a top insulating layer are 
formed on a semiconductor layer and a layer of photoresist is patterned upon the top 
10 insulating layer; 

Fig. 2 depicts a partial cross-sectional view of a semiconductor topography in 
which gate conductor stacks are formed on a semiconductor layer; 

15 Fig. 3 depicts a partial cross-sectional view of a semiconductor topography in 

which the patterned layer of photoresist is removed from the gate conductor stacks; 

Fig. 4 depicts a partial cross-sectional view of a semiconductor topography in 
which a layer of dielectric material is formed over the semiconductor topography; 

20 

Fig. 5 depicts a partial cross-sectional view of a semiconductor topography in 
which dielectric sidewall spacers are formed on the sidewall surfaces of the gate 
conductor stacks to form gate structures; 

25 Fig. 6 depicts a partial cross-sectional view of a semiconductor topography in 

which a dielectric layer is formed upon the gate structures and the semiconductor layer; 

Fig. 7 depicts a partial cross-sectional view of a semiconductor topography in 
which a hard mask layer is formed upon the dielectric layer and a layer of photoresist is 
30 patterned upon the hard mask layer; 
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Fig. 8 depicts a partial cross-sectional view of a semiconductor topography in 
which exposed portions of the hard mask layer are removed; 

5 Fig. 9 depicts a partial cross-sectional view of a semiconductor topography in 

which an etch mask layer is formed upon the dielectric layer; 

Fig. 10 depicts a partial cross-sectional view of a semiconductor topography in 
which a first portion of the dielectric layer is etched; 

10 

Fig. 1 1 depicts a partial cross-sectional view of a semiconductor topography in 
which a second portion of the dielectric layer is etched to form a contact opening; 

Fig. 12 depicts a partial cross-sectional view of a semiconductor topography in 
15 which a layer of conductive material is formed in the contact opening and upon an upper 
surface of the dielectric layer; and 

Fig. 13 depicts a partial cross-sectional view of a semiconductor topography in 
which the layer of conductive material is planarized to form a self aligned contact 
20 structure. 

While the invention is susceptible to various modifications and alternative forms, 
specific embodiments thereof are shown by way of example in the drawings and will 
herein be described in detail. It should be understood, however, that the drawings and 
25 detailed description thereto are not intended to limit the invention to the particular form 
disclosed, but on the contrary, the intention is to cover all modifications, equivalents and 
alternatives falling within the spirit and scope of the present invention as defined by the 
appended claims. 
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DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS 



Turning to the drawings, an exemplary embodiment of a method for forming a 
self aligned contact is shown in Figs. 1-13. Fig. 1 depicts a semiconductor topography in 

5 which an isolation region 12 has been formed in semiconductor layer 10. Isolation region 
12 may be formed by a number of techniques such as shallow trench isolation (STI), 
recessed oxide isolation (ROI), or local oxidation of silicon (LOCOS). Isolation region 
12 may be a field oxide region which may serve to isolate separate active regions on the 
semiconductor layer from one another. In addition, isolation region 12 may be undoped 

10 silicon dioxide. Semiconductor layer 10 may preferably be a silicon substrate, and is 
doped either n-type (for producing a p-channel transistor) or p-type (for an n-channel 
transistor). More specifically, semiconductor layer 10 may be an epitaxial silicon layer 
grown on a monocrystalline silicon substrate, or an n-type or p-type well region formed in 
a monocrystalline silicon substrate. Diffusion regions (not shown) may also be formed in 

15 semiconductor layer 10. For example, diffusion regions may be lightly doped drain 
regions and heavily doped source/drain regions formed in the semiconductor layer 
adjacent to the gate structures as shown formed in Fig 2. 



As further shown in Fig. 1, gate dielectric layer 14 may preferably be thermally 
20 grown silicon dioxide which may be grown by heating the semiconductor layer 10 to a 
temperature of greater than about 700 °C in an oxidizing ambient such as O2 or H2O. 
Gate dielectric layer 14 may also include deposited Si0 2 . Other dielectrics may be used, 
however, including silicon nitride, silicon oxynitride or nitrided silicon dioxide. In 
addition, gate dielectric layer 14 may be formed from a high-permittivity ("high-k") 
25 dielectric. Appropriate materials for a high-k gate dielectric include, but are not limited 
to, tantalum pentoxide (I^Os), barium titanate (BaTiOs), and titanium oxide (Ti02). 
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A layer of conductive material 16 such as polysilicon, aluminum, or copper may 
be deposited upon the gate dielectric layer 14. For example, polysilicon may be deposited 
by using chemical vapor deposition (CVD) of silicon from a silane source. In addition, 
the layer of conductive material 16 may include multiple layers of material such as a 
5 conventionally doped polysilicon and a silicide. A silicide may be formed from a 
polysilicon layer upon which a layer of refractory metal such as cobalt or titanium has 
been formed. Upon heating the refractory metal, a reaction between the polysilicon and 
the cobalt or titanium may result in the formation of a silicide such as cobalt silicide or 
titanium silicide. Alternatively, the layer of conductive material may include a titanium- 
10 tungsten alloy layered onto bulk aluminum with an underlying barrier layer such as 
titanium, titanium nitride, or a titanium alloy. A thickness of the layer of conductive 
material may be approximately 1500 A but may also be larger or smaller depending on 
the semiconductor device which is being formed. 

15 In addition, as shown in Fig. 1, top insulating layer 18 may include deposited 

silicon nitride, silicon oxynitride, or nitrided silicon dioxide which may be formed using, 
e.g., a chemical vapor deposition process. For example, silicon nitride or silicon 
oxynitride may be formed by CVD using a silicon source, such as silane, chlorosilane 
(SiH x Cly), or dichlorosilane (SiC^Ife), and a nitrogen source, such as nitrogen (N2), 

20 nitrous oxide (N 2 0) and ammonia (NH3). Deposition of silicon nitride may be performed 
at a substrate temperature in the range of about 600 °C to about 950 °C, a deposition 
chamber pressure of approximately 5 mT to approximately 500 mT, and for a period of 
time of approximately 20 minutes to approximately 100 minutes. In addition, top 
insulating layer 18 may be silicon dioxide deposited by CVD which may be nitrided in a 

25 subsequent processing step. In particular, decomposition of tetraethyl orthosilicate 
(TEOS) may be performed in a plasma-enhanced CVD (PECVD) reactor at a substrate 
temperature in the range from about 200 °C to about 500 °C to produce a very conformal 
film. Other techniques which may be used to deposit silicon dioxide for top insulating 
layer 18 include PECVD using a silane source, and atmospheric-pressure CVD (APCVD) 

30 and low-pressure CVD (LPCVD) using silane or TEOS sources. In addition, top 
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insulating layer 18 may be formed from a low -permittivity ("low-k") dielectric, generally 
known in the art as a dielectric having a dielectric constant of less than about 3.5. One 
low-k dielectric in current use which is believed to make a conformal film is fluorine- 
doped silicon dioxide. An appropriate thickness of top insulating layer 18 may be 
5 approximately 500 A to approximately 2500 A. An appropriate thickness of top 

insulating layer 18 may, however, be larger or smaller depending on the semiconductor 
device which is being formed. 

A layer of photoresist 20 may be patterned, typically by a lithography technique, 
10 upon top insulating layer 18 thereby exposing portions of top insulating layer 18. As 

shown in Fig. 2, exposed portions of top insulating layer 18, conductive material layer 16, 
and gate dielectric layer may be patterned, typically by etch techniques, such that gate 
structures 21 may be formed. Although two gate structures are illustrated, any number of 
gate structures may be formed upon and laterally spaced across semiconductor layer 10. 
15 A width of gate structures may be approximately 1500 A, but may also be larger or 
smaller depending on the semiconductor device which is being formed. In addition, 
exposed portions of top insulating layer 18, conductive material layer 16, and gate 
dielectric layer may be patterned by a suitable technique to form local interconnect 
structures 21. Furthermore, portions of the top insulating layer, the conductive material 
20 layer, and gate dielectric layer may be selectively patterned such that both gate structures 
and local interconnect structures are formed across semiconductor layer 10. In this 
manner, the arrangement of gate structures and/or local interconnect structures across the 
semiconductor layer may depend on the semiconductor device which is being formed. 

25 Preferably, a plasma etch may be used to remove portions of the top insulating 

layer, the conductive material layer, and the gate dielectric layer which are not masked by 
photoresist layer 20 to form gate structures 21. In such an embodiment, the plasma etch 
duration may be selected to terminate before substantial portions of semiconductor layer 
10 and isolation region 12 are removed. As a result of the etch, substantially vertical 

30 opposed sidewall surfaces may be defined as the lateral boundaries of gate structures 21. 
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As shown in Fig. 3, photoresist layer 20 may be stripped from gate structures 21. For 
example, photoresist layer 20 may be removed from gate structures 21 by using a wet etch 
or plasma etch stripping process. 



5 Turning to Fig. 4, a layer of a conformal dielectric layer 22 may be deposited over 

the entire semiconductor topography including gate structures 21 and semiconductor layer 
10. Dielectric layer 22 may preferably deposited by CVD using a silane source. In 
particular, plasma-enhanced CVD (PECVD) may be used to deposit a very conformal 
film at substrate temperatures between about 200 °C and 400 °C. Other techniques which 

10 may be suitable for deposition of dielectric layer 22 include low-pressure CVD (LPCVD) 
and atmospheric pressure (CVD) (APCVD). Dielectric layer 22 may also be silicon 
oxynitride, silicon dioxide, or nitrided silicon oxide as described above for top insulating 
layer 18. For example, silicon oxynitride, silicon dioxide, and nitrided silicon oxide may 
be formed by CVD as described above. In an alternative embodiment, dielectric layer 22 

15 may be formed from a low-permittivity ("low-k") dielectric, generally known in the art as 
a dielectric having a dielectric constant of less than about 3.5. 

Fig. 5 illustrates dielectric sidewall spacers 24 formed upon sidewall surfaces of 
gate structures 21. The formation of dielectric sidewall spacers 24 may involve 

20 anisotropically etching the horizontally oriented surfaces of dielectric layer 22 at a faster 
rate than vertically oriented surfaces. As a result of the etch process, the dielectric layer 
22 may only be retained laterally adjacent sidewall surfaces of gate structures 21 in the 
form of dielectric sidewall spacers 24. A lateral thickness of dielectric sidewall spacers 
24 may be approximately 300 A to approximately 1000 A, but may also be larger or 

25 smaller depending on the semiconductor device which is being formed. The lateral 
thickness of each sidewall spacer 24 may be controlled by altering the processing 
conditions, such as deposition time, during the deposition of dielectric layer 22. 
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Fig. 6 illustrates dielectric layer 26 formed upon and in contact with the entire 
semiconductor topography which may include dielectric sidewall spacers 24 of gate 
structures 21 and semiconductor layer 10. Dielectric layer 26 may be formed from, e.g., 
low doped BPSG, low doped PSG, or undoped silicon dioxide. Low doped BPSG may 
5 have a boron concentration of less than approximately 5% by weight. Low doped PSG 
may have a phosphorus concentration of less than approximately 6% by weight, and more 
preferably less than approximately 5% by weight. In an embodiment, dielectric layer 26 
may be deposited by a high density plasma (HDP) deposition technique. A high density 
plasma may include a charge density that generally exceeds that used in conventional 
10 plasma enhanced and plasma assisted chemical vapor deposition (PECVD and PACVD). 
For example, a high density plasma may include a charge density that exceeds that which 
may be used to deposit conventional PECVD BPSG layers such as charge densities which 
may generally exceed approximately 10 7 charged particles per cm 3 . 

15 In addition, a high density plasma may have a low frequency power in a range of 

approximately 4000 W to approximately 4500 W, and a high frequency power in a range 
of approximately 1200 W to approximately 1500 W. Furthermore, a HDP PSG layer may 
be formed from a plasma which may include a mixture of a silicon source such as silane 
or a chlorosilane, an oxygen source such as oxygen, ozone, or nitrous oxide, and a 

20 phosphorus source such as phosphine, methyl phosphine, or ethyl phosphine. For 

example, a silicon source may flow into a plasma chamber at a rate of approximately 5 to 
100 standard cubic centimeters per minute (seem). An oxygen source may flow into the 
plasma chamber at a rate of approximately 20 seem to approximately 1000 seem, and a 
phosphorus source may flow into the plasma chamber at a rate of approximately 10 seem 

25 to approximately 500 seem. In addition, argon may also flow into the plasma chamber at 
a rate of approximately 25 seem to approximately 40 seem. The flow ratios of the silicon 
and phosphorus sources may be selected in a range from approximately 1:20 to 
approximately 1:2. Following deposition, dielectric layer 26 may be planarized to a level 
spaced above gate structure 21 to provide a substantially planar upper surface 28 of 

30 dielectric layer 26. Appropriate thicknesses for dielectric layer 26 may be approximately 
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5000 A to approximately 1 1000 A, and more preferably may be approximately 8000 A to 
approximately 9500 A. Larger or smaller thicknesses of dielectric layer 26, however, 
may be appropriate depending on the semiconductor device being formed. 



5 Fig. 7 illustrates hard mask layer 30 formed on dielectric layer 26. Hard mask 

layer 30 may be an undoped silicon dioxide layer if dielectric layer 26 is a lightly doped 
or heavily doped dielectric material. In this manner, hard mask layer 30 may prevent 
outdiffusion from dielectric layer 26 during subsequent thermal processes and/or may 
prevent moisture from migrating into dielectric layer 26. Hard mask layer 30 may also 

10 provide a more stable surface for subsequent layers which may be formed upon the 
semiconductor topography. Hard mask layer 30 may be formed by decomposition of 
tetraethyl orthosilicate (TEOS) which may be performed in a plasma-enhanced CVD 
(PECVD) reactor at a substrate temperature in the range from about 200 °C to about 500 
°C to produce a very conformal film. Other techniques which may be used to deposit 

15 silicon dioxide for dielectric layer 22 include PECVD using a silane source, and 

atmospheric-pressure CVD (APCVD) and low-pressure CVD (LPCVD) using silane or 
TEOS sources. 

As further shown in Fig. 7, a layer of photoresist 32 may be formed upon hard 
20 mask layer 30 and may be patterned by using a lithography technique. The patterned 

layer of photoresist 32 may be used as an etch mask such that portions of hard mask layer 
30 may be removed by using an etch technique as shown in Fig. 8. In this manner, 
portions of hard mask layer 30 underlying the patterned layer of photoresist may be 
protected. As such, a pattern formed by lithography in the layer of photoresist may be 
25 transferred by etch to hard mask layer 30. Consequently upper surface 28 of dielectric 
layer 26 may be exposed for subsequent processing. Subsequent to patterning hard mask 
layer 30, the patterned layer of photoresist may be removing by using a stripping process 
such as a wet etch or reactive ion etch stripping process. Therefore, hard mask layer 30 
may be used an as etch mask layer in subsequent pattern transfer processes such as 
30 reactive ion etching or plasma etching. Alternatively, the patterned layer of photoresist 
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may remain following etching of hard mask layer 30 as shown in Fig. 8. In addition, hard 
mask layer 30 may be eliminated, and the layer of photoresist 32 may be formed and 
patterned upon dielectric layer 26. In this manner, the patterned hard mask layer, the 
patterned layer of photoresist, or the combination of the patterned layer of photoresist and 
5 the patterned hard mask layer may be used as an etch mask layer in subsequent 

processing. As shown in Fig. 9, the patterned hard mask layer, the patterned resist layer, 
or the combination of the patterned layer of photoresist and the patterned hard mask layer 
may be generically referred to as etch mask layer 34. 

10 Fig. 10 illustrates the formation of opening 40 in dielectric layer 26 in regions of 

the dielectric layer which are not protected by etch mask layer 34. Opening 40 may be 
formed by etching a first portion of dielectric layer 26 with a first etch chemistry such that 
upper surface 38 of dielectric layer 26 is exposed. The first etch chemistry may be 
substantially free of hydrogen. For example, the first etch chemistry may include 

15 fluorocarbons such as C4F8 and CO. In addition, the first etch chemistry may include an 
inert gas such as argon or xenon. Furthermore, the first etch chemistry may include a 
number of additional fluorinated carbon compounds and/or chlorinated carbon 
compounds such as CFC1 3 , CF2C1 2) CF3CI, CF4, C2F6, and C2CIF5. 

20 The first etch chemistry may be selective to silicon nitride. For example, the first 

etch chemistry may etch silicon nitride at a very slow etch rate and may etch other 
dielectric materials such as lightly doped PSG or undoped silicon dioxide at a very fast 
etch rate. For example, the first chemistry may have an etch rate of lightly doped PSG or 
undoped silicon dioxide of approximately 3500 A/min to approximately 4500 A/min, and 

25 more preferably approximately 4000 A/min. A selectivity of an etch chemistry or an etch 
process may be generally defined as the ratio of the etch rates of different materials. As 
such, the etch selectivity for an etch chemistry may vary significantly depending on the 
materials which are being etched. For example, the first etch chemistry may have a 
undoped silicon dioxide to silicon nitride etch selectivity of at least approximately 10:1. 

30 In addition, the first etch chemistry may also have a lightly doped PSG to undoped silicon 
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dioxide etch selectivity of approximately 1:1. As such, the first etch chemistry may be 
selective to silicon nitride but not to undoped silicon dioxide. 

An etch process may be defined by a number of process conditions. In an 

5 embodiment, for example, a flow rate for C4F8 may be approximately 10 seem to 
approximately 100 seem, and more preferably may be approximately 10 seem to 
approximately 40 seem. In addition, a flow rate for CO may be approximately 10 seem to 
approximately 100 seem, and more preferably may be approximately 25 seem to 
approximately 55 seem. A flow rate for argon or xenon may be approximately 5 seem to 

10 approximately 300 seem. Furthermore, a flow rate for oxygen may be approximately 1 
seem to approximately 50 seem. Radio frequency power values for etching the first 
portion of the dielectric layer may be approximately 500 W to approximately 2000 W. A 
pressure in the etch chamber may be approximately 30 mT to approximately 200 mT 
during processing. Additionally, a magnetic field within the etch chamber may be 

15 approximately 10 G to approximately 100 G. In addition, a temperature within the etch 
chamber may be approximately 50 °C to approximately 130 °C. As such, this 
temperature may be approximately the temperature of the semiconductor substrate which 
is being etched. The semiconductor substrate may be situated on an electrostatic chuck 
within the etch chamber during processing. The chuck may be cooled by flowing helium 

20 across a surface of the chuck at a pressure in a range of approximately 1 T to 

approximately 50 T. As such, the temperature of the semiconductor substrate which is 
being etched may be altered by adjusting the pressure of helium which is flowing across 
the surface of the chuck. 

25 Furthermore, etching the first portion of dielectric layer 26 may be a timed etch 

process. For example, etching with the first etch chemistry may be carried out for a 
period of time of approximately one minute to approximately two minutes, and more 
preferably approximately one and a half minutes. In this manner, depending on the etch 
rate of dielectric layer 26, a predictable amount of the dielectric layer may be removed by 

30 etching with the first etch chemistry. For example, thickness 36 of dielectric layer 26 
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may be removed by etching the first portion of the dielectric layer with the first etch 
chemistry. In one embodiment, thickness 36 of dielectric layer 26 may be approximately 
2000 A to approximately 12000 A, and more preferably may be approximately 4000 A to 
approximately 8000 A. As shown in Fig. 10, dielectric layer 26 may be etched from prior 
5 upper surface 28 of the dielectric layer to upper surface 38 of a second portion of 

dielectric layer. As such, etching dielectric layer 26 with the first etch chemistry may be 
timed such that a second portion of the dielectric layer may remain after this etch step. 
As shown in Fig. 10, a second portion of dielectric layer 26 may extend from upper 
surface 38 of the dielectric layer formed by etching with the first chemistry to an upper 
10 surface of semiconductor layer 10. Thickness 42 of the second portion of dielectric layer 
26 may be sufficient to protect semiconductor layer 10 including isolation region 12 from 
etching during the first etch step. In an embodiment, thickness 42 of the second portion 
of dielectric layer 26 may be approximately 1000 A to approximately 5000 A, and more 
preferably may be approximately 1000 A to approximately 3000 A. 

15 

In addition, etching the first portion of the dielectric layer with the first etch 
chemistry may expose upper corner 39 of the gate structures. For example, upper corner 
39 of the gate structures may include an upper corner of dielectric sidewall spacers 24 and 
a portion of top insulating layer 18. However, because the first etch chemistry may be 

20 selective to silicon nitride, exposing the upper corner of the dielectric sidewall spacers 
and a portion of the top insulating layer may not cause damage to these exposed dielectric 
structures. In this manner, the layer of conductive material 16 of gate structures 21 may 
not be exposed during etching with the first etch chemistry. As such, an electrical contact 
between the gate structures and a contact structure which may be formed in the etched 

25 contact opening may be avoided and electrical shorting between the structures may be 
prevented. 
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Fig. 1 1 illustrates the formation of opening 40 in dielectric layer 26 in regions of 
the dielectric layer which are not protected by etch mask layer 34. Opening 40 may be 
formed by etching a second portion of dielectric layer 26 with a second etch chemistry 
such that upper surface 44 of semiconductor layer 10 may be exposed. As shown in Fig. 
5 10, a second portion of dielectric layer 26 may extend from upper surface 38 of the 

dielectric layer formed by etching with the first chemistry (as shown in Fig. 10) to upper 
surface 44 of semiconductor layer 10. The second etch chemistry may include at least 
one hydrogen-containing compound. For example, the second etch chemistry may 
include hydrofluorocarbons such as C 2 H 2 F 4 and CHF 3 . In addition, the second etch 
10 chemistry may include an inert gas such as argon or xenon. Furthermore, the second etch 
chemistry may include a number of additional fluorinated carbon compounds and/or 
chlorinated carbon compounds such as CFC1 3 , CF 2 C1 2 , CF 3 C1, CF 4 , C 2 F 6 , and C 2 C1F 5 . 

The second etch chemistry may be selective to undoped silicon dioxide. In 
15 addition, the second etch chemistry may also be selective to silicon nitride. For example, 
the second etch chemistry may etch silicon nitride and undoped silicon dioxide at a slow 
etch rate and may etch other dielectric materials such as lightly doped PSG at a fast etch 
rate. For example, the second chemistry may have an etch rate of lightly doped PSG of 
approximately 3000 A/min to approximately 4000 A/min, and more preferably 
20 approximately 3500 A/min. As described above, a selectivity of an etch chemistry or an 
etch process may be generally defined as the ratio of the etch rates of different materials. 
As such, the etch selectivity for an etch chemistry may vary significantly depending on 
the materials which are being etched. For example, the second etch chemistry may also 
have a lightly doped PSG to undoped silicon dioxide etch selectivity of approximately 
25 30: 1 . In addition, the second etch chemistry may have a lightly doped PSG to silicon 
nitride etch selectivity of approximately 5:1 to approximately 20:1. 
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An etch process may be defined by a number of process conditions. In an 
embodiment, for example, a flow rate for C2H2F4 may be approximately 1 seem to 
approximately 20 seem, and more preferably may be approximately 2 seem to 
approximately 15 seem. In addition, a flow rate for CHF3 may be approximately 5 seem 
5 to approximately 200 seem, and more preferably may be approximately 50 seem to 

approximately 100 seem. A flow rate for argon or xenon may be approximately 5 seem to 
approximately 500 seem. Radio frequency power values for etching the first portion of 
the dielectric layer may be approximately 200 W to approximately 2000 W. Additional 
processing conditions for etching with the second etch chemistry may be similar to those 

10 described above for etching with the first etch chemistry such as pressure, magnetic field, 
temperature, and helium pressure. The processing conditions for etching with the second 
etch chemistry, however, may also vary from the processing conditions which may be 
used for etching with the first etch chemistry. For example, the processing conditions 
may be changed by controlling instruments which may be coupled to the etch chamber 

15 while the etch chemistry is being changed from the first etch chemistry to the second etch 
chemistry. 

Etching the second portion of dielectric layer 26 may also be a timed etch process. 
For example, etching with the second etch chemistry may be carried out for a period of 
20 time of approximately one half minute to approximately two minutes, and more 

preferably approximately one minute. In this manner, depending on the etch rate of 
dielectric layer 26, a predictable amount of the dielectric layer such as thickness 42 of the 
dielectric layer may be removed by etching with the second etch chemistry. In an 
embodiment, thickness 42 may be approximately 1000 A to approximately 5000 A, and 

o o 

25 more preferably may be approximately 2000 A to approximately 4000 A. Alternatively, 
etching the second portion of dielectric layer 26 may be an endpoint process. Examples 
of techniques which may be used for endpoint detection may include, but are not limited 
to, laser interferometry and reflectivity, optical emission spectroscopy, and mass 
spectroscopy. An endpoint may be detected when a layer being etched has been 

30 completely removed. For example, as shown in Fig. 1 1, dielectric layer 26 may be etched 
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with the second etch chemistry from upper surface 38 of the dielectric layer to upper 
surface 44 of semiconductor layer 10. Therefore, an endpoint may be detected when 
dielectric layer 26 has been completely removed in contact opening 40 such that an upper 
surface 44 of semiconductor layer 10 may be exposed. As such, a height of contact 
5 opening 40 may be approximately equal to thickness 36 of the first portion of dielectric 
layer 26 and thickness 42 of the second portion of dielectric layer 26. For example, a 
height of contact opening 40 may be approximately 4000 A to approximately 12000 A, 
and more preferably may be approximately 5000 A to approximately 9000 A. 

10 In addition, during etching the second portion of dielectric layer 26 with the 

second etch chemistry, upper corner 39 of the gate structures which may include an upper 
corner of dielectric sidewall spacers 24 and a portion of top insulating layer 18 may be 
exposed. However, because the second etch chemistry may be selective to silicon nitride, 
exposing the upper corner of the dielectric sidewall spacers and a portion of the top 

15 insulating layer during etching may not cause damage to these exposed dielectric layers. 
In this manner, the layer of conductive material 16 of the gate structures may not be 
exposed during the etching process. As such, an electrical contact between the gate 
structures and a contact structure which may be formed in etched contact opening 40 may 
be avoided and electrical shorting between the structures may be prevented. Once the 

20 contact opening 40 is made by etching the first and second portions of dielectric layer 26, 
etch mask layer 34 may be removed by a wet etch or plasma etch stripping process. In 
addition, the opening may be cleaned with a sputter etch such as a RF sputter etch before 
conductive material may be formed in contact opening 40. In this manner, any residual 
material remaining on upper surface 44 of semiconductor layer 10 such as a native oxide 

25 which may be formed during processing and handling may be removed to ensure 

electrical contact between semiconductor layer 10 and a contact structure which may be 
formed in contact opening 40. 
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Fig. 12 illustrates formation of conductive material layer 46 in contact opening 40 
and upon upper surface 28 of dielectric layer 26. Conductive material layer 46 may be 
formed with a single deposition step in which a conductive material such as aluminum, 
tungsten, titanium, or appropriate alloys thereof are deposited into contact opening 40. 
5 For example, a CVD process may be used to deposit aluminum by the pyrolysis of 
triisobutyl aluminum (TIB A) in a reactor chamber maintained at a temperature of 
approximately 250 °C and a pressure less than approximately 1 torr. In addition, 
conductive material layer 46 may be deposited using a technique such as atmospheric 
pressure chemical vapor deposition (APCVD), low pressure chemical vapor deposition 
10 (LPCVD), plasma-enhanced chemical vapor deposition (PECVD), conventional 
sputtering, and physical vapor deposition (PVD). 

Furthermore, conductive material layer 46 may be copper formed in contact 
opening 40 and upon upper surface 28 of dielectric layer 26. Because copper diffuses 

15 readily through silicon and oxide, and undesirably alters the electrical properties of 

transistors formed in silicon, a liner may be deposited into the trenches before deposition 
of a copper layer. A liner may preferably be formed from a conductive material which 
acts as a diffusion barrier to the overlying copper, and also adheres well to dielectric layer 
26. Materials typically used as a liner, which is often called a diffusion barrier and/or an 

20 adhesion layer, may include metal nitrides such as titanium nitride and tantalum nitride, 
and refractory alloys such as titanium-tungsten. Conductive material layer 46 may be 
typically formed using two deposition steps. A thin "seed" layer may be deposited first, 
followed by a more rapid "fill" deposition. The seed layer may be deposited by 
sputtering, but other methods such as CVD may also be used. Electroplating is a 

25 currently preferred method of depositing the copper fill layer, but other techniques, 
including CVD, may be used as well. 



Atty. Dkt. No.: 5298-04100/PM00012 



Page 33 



Conley, Rose & Tayon 



An adhesion layer (not shown) may also be formed in contact opening 40 and on 
upper surface 28 of dielectric layer 26 prior to formation of conductive material layer 46. 
For example, an adhesion layer may be formed by blanket depositing an adhesion 
material onto the sidewalls and bottom of contact opening 40. Suitable adhesion 

5 materials include titanium (Ti), titanium-tungsten (TiW), titanium nitride (TiN), or 
tungsten silicides (WSi x ). Adhesion layers are typically required in those cases where 
conductive material layer 46 may adhere poorly to the material of dielectric layer 26. 
Adhesion layers are typically required, for example, to compensate for the poor adhesion 
characteristics of tungsten and some tungsten alloys to silicon dioxide dielectric films. 

10 After an adhesion layer has been formed, a conductive material layer may then be 
deposited on the adhesion layer as described above. 

Fig. 13 illustrates self aligned contact structure 48 formed through dielectric layer 
26 and in contact with an upper surface of semiconductor layer 10. A selective etch-back 

15 process may be used to remove conductive material layer 46 from upper surfaces 28 of 
dielectric layer 26. Alternatively or in addition, a chemical-mechanical polishing process 
may be used to remove conductive material layer 46 from upper surfaces 28 of dielectric 
layer 26. In this manner, an upper surface of conductive material layer 46 may be 
substantially coplanar with upper surfaces 28 of dielectric layer 26. In addition, if an 

20 adhesion layer is used to promote adhesion between conductive material layer 46 and 
dielectric layer 26, then adhesion layer 26 may be removed from upper surface 28 of 
dielectric layer 26 by using an etch or polishing technique. Subsequent processing may 
include forming additional levels of semiconductor structures such as interconnects upon 
upper surfaces of the dielectric layer and the self aligned contact structures. Therefore, 

25 multiple levels of semiconductor structures may be interconnected to form a working 
semiconductor device. 
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Fig. 13 also illustrates a semiconductor device 50 which may be formed according 
to an above embodiment. A layer of conductive material 16 is spaced above a 
semiconductor layer 10 by gate dielectric layer 14. Top insulating layer 18 may be 
formed upon the conductive material layer 16. As such, gate structures 21 may include 
5 top insulating layer 18, conductive material layer 16, and gate dielectric layer 14. Gate 
structures 21 may be laterally surrounded by dielectric sidewall spacers 24 formed 
adjacent to opposed sidewalls of gate structures 21. Isolation region 12 may be formed in 
semiconductor layer 10. In addition, diffusion regions (not shown) may be formed in 
semiconductor layer 10 and may extend laterally between gate structures 21. Dielectric 
10 layer 26 may be formed over and in contact with gate structures 21 and semiconductor 
layer 10. Self aligned contact structure 48 may be formed in dielectric layer 26. As such, 
self aligned contact structure 48 may be in electrical contact with semiconductor layer 10 
and may also be in electrical contact with a diffusion region formed in semiconductor 
layer 10. 

15 

According to an embodiment, self aligned contact structure 48 of semiconductor 
device 50 may have substantially perpendicular sidewalls, i.e. approximately a 90° 
sidewall angle with respect to semiconductor layer 10, across first portion 36 of self 
aligned contact structure 48. Across second portion 42, self aligned contact structure 48 

20 may have sidewall angles which are defined by outside lateral boundaries of dielectric 
sidewall spacers 24. In addition, self aligned contact structure 48 may also have a high 
aspect ratio of greater than approximately 4:1 and minimum critical dimensions such as a 
top critical dimension of approximately 200 nm and a bottom critical dimension of 
approximately 100 nm. Furthermore, semiconductor device 50 may be absent an etch 

25 stop liner layer such as a silicon nitride liner layer over gate structures 21 and dielectric 
sidewall spacers 24 which may be present in conventionally formed semiconductor 
devices. 
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It will be appreciated to those skilled in the art having the benefit of this 
disclosure that this invention is believed to provide a method for forming a self aligned 
contact structure by etching a single dielectric layer with multiple etch chemistries. 
Further modifications and alternative embodiments of various aspects of the invention 

5 will be apparent to those skilled in the art in view of this description. For example, the 
methods described herein could be applied not just to forming self aligned contacts, but to 
forming any semiconductor feature which may include etching a feature through a 
material having an etch response which is similar to an etch response of an underlying 
semiconductor layer. For example, the method described herein may be used in a dual 

10 damascene process in which an interconnect and a contact structure may be formed 

simultaneously in a dielectric layer. It is intended that the following claims be interpreted 
to embrace all such modifications and changes and, accordingly, the specification and 
drawings are to be regarded in an illustrative rather than a restrictive sense. 
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WHAT IS CLAIMED IS: 

1 . A method for forming a semiconductor device, comprising: 

5 etching a first portion of a dielectric layer with a first etch chemistry; and 

etching a second portion of the dielectric layer with a second etch chemistry 
different from the first etch chemistry. 

10 2. The method of claim 1, wherein the dielectric layer is substantially continuous. 

3. The method of claim 1, wherein an interface does not exist between the first and 
second portions of the dielectric layer. 

15 4. The method of claim 1, wherein a thickness of the first portion of the dielectric 
layer is greater than a thickness of the second portion of the dielectric layer. 

5. The method of claim 1, wherein a thickness of the second portion of the dielectric 
layer is greater than approximately one half of a height of an adjacent gate structure. 

20 

6. The method of claim 1, wherein the first etch chemistry is substantially free of 
hydrogen. 

7. The method of claim 1 ? wherein the first etch chemistry comprises C4F8 and CO. 

25 

8. The method of claim 1, wherein the second etch chemistry comprises at least one 
hydrogen-containing compound. 

9. The method of claim 1, wherein the second etch chemistry comprises C 2 H 2 F 4 . 

30 
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10. The method of claim 1, wherein the second etch chemistry comprises CHF3. 



11. The method of claim 1, further comprising forming said dielectric layer in one 
processing step. 

5 

12. The method of claim 1, wherein the first etch chemistry has a dielectric layer 
materiahsilicon nitride selectivity of at least approximately 10:1. 

13. The method of claim 1, wherein the second etch chemistry has a dielectric layer 
10 materiahsilicon oxide selectivity of at least approximately 5:1. 

14. The method of claim 1, wherein the dielectric layer comprises a doped silicon 
oxide having a phosphorus concentration of less than approximately 6 wt %. 

15 15. The method of claim 1, wherein the dielectric layer is in contact with a sidewall 
spacer of a gate structure and a semiconductor layer comprising isolation regions. 

16. The method of claim 15, wherein etching the first portion of the dielectric layer 
exposes an upper corner of the sidewall spacer, and wherein etching the second portion of 

20 the dielectric layer exposes the semiconductor layer. 

17. A method for forming a contact hole, comprising: 

depositing a dielectric layer upon first and second gate laterally spaced gate 
25 structures on a semiconductor layer comprising isolation regions; 

etching a first portion of the dielectric layer with a first etch chemistry; and 
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etching a second portion of the dielectric layer with a second etch chemistry, 

wherein a thickness of the second portion of the dielectric layer is greater 
than approximately one half of a height of the first and second gate 
structures. 

5 

18. The method of claim 17, wherein the first etch chemistry is selective to silicon 
nitride, and wherein the second etch chemistry is selective to silicon dioxide. 



19. The method of claim 16, wherein the dielectric layer comprises a doped silicon 
10 oxide having a phosphorus concentration of less than approximately 6 wt.%. 

20. The method of claim 16, wherein etching the first portion of the dielectric layer 
exposes upper corners of the first and second gate structures, and wherein etching the 
second portion of the dielectric layer exposes the semiconductor layer. 

15 

21. A method for forming a self aligned contact hole, comprising: 



etching a first portion of a substantially continuous dielectric layer adjacent to a 
gate structure with a first etch chemistry substantially free of hydrogen 
20 sufficiently to expose a sidewall spacer of said gate structure; and 



etching a second portion of the substantially continuous dielectric layer with a 

second etch chemistry comprising a hydrofluorocarbon etchant sufficiently 
to expose a substrate under said substantially continuous dielectric layer. 

25 
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ABSTRACT OF THE DISCLOSURE 



A method is provided for forming a self aligned contact by etching an opening 
through a low doped or undoped dielectric layer such as phosphosilicate glass. The 

5 dielectric layer may be formed on a semiconductor layer which may include regions of 
monocrystalline silicon and undoped silicon dioxide. A first portion of a dielectric layer 
may be etched with a first etch chemistry, and a second portion of the dielectric layer may 
be etched with a second etch chemistry. The first etch chemistry may be substantially 
different than the second etch chemistry. Li this manner, the first etch chemistry may 

10 have a substantially different etch selectivity than the second etch chemistry. For 

example, in an embodiment, the first etch chemistry may be selective to silicon nitride, 
and the second etch chemistry may be selective to undoped silicon oxide. Therefore, by 
using multiple etch chemistries to etch a single dielectric layer, a self aligned contact 
having optimized properties such as sidewall angle, aspect ratio, and critical dimension 

15 may be formed while an etch stop liner layer such as a silicon nitride layer may be 
eliminated. 
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